Whereas several well-controlled studies have established the selective serotonin reuptake inhibitors (SSRIs) as the recommended firstline pharmacotherapeutic agents for acute and chronic post-traumatic stress disorder (PTSD), drug interventions in the acute postexposure phase have not been studied to the same extent and tend to be largely speculative. This study employed an animal model which assesses prevalence of individual stress-response behavior patterns in order to assess the short-term effects of a brief treatment regimen with an SSRI (sertraline) administered immediately after stress-exposure, with those of an identical delayed regimen and of saline. Prevalence rates of rats displaying extreme anxiety-like behavioral responses to predator stress, compared to partial and minimal responses, were assessed in the elevated plus maze and startle response paradigms, with and without intraperitoneal administration of sertraline for 7 days immediately postexposure, or 7 days after exposure. Immediate postexposure administration of sertraline reduced anxiety-like and avoidant behavior, decreased hyperarousal responses and diminished the overall incidence of extreme (PTSD-like) behavioral responses, compared to the delayed treatment regimen and to saline controls. Brief immediate poststress exposure treatment with sertraline reduced prevalence rates of extreme behavioral disruption in the short-term. SSRI drugs are thus worthy of further investigation as agents of secondary prevention in the acute aftermath of stress-exposure.
INTRODUCTION
Post-traumatic stress disorder (PTSD) is an incapacitating chronic syndrome reflecting a disorder of cognitive, emotional, and physiological processing and/or recovery from the initial reaction to exposure to a potentially traumatic experience.
Whereas several well-controlled studies have established the selective serotonin reuptake inhibitors (SSRIs) as the recommended first-line pharmacotherapeutic agents for acute and chronic PTSD (Davidson, 2003; Davidson, 2004a; Tucker et al, 2004; Zohar et al, 2002) , drug interventions in the acute phase (up to 1 month postexposure) have not been studied to the same extent and tend to be largely speculative (Bryant, 2005; Pitman and Delahanty, 2005; Shalev, 2002) . Most existing treatment guidelines for PTSD point to judicious use of the same group of medications, although they specify that this suggestion is based on sparse empirical data and represents an extrapolation of PTSD practice guidelines, based on common practice (Foa et al, 2005; Stein et al, 2003; Ursano et al, 2004; Weine et al, 2002) .
The study of adrenergic drugs as agents of secondary prevention by Pitman et al (2002) is worthy of mention. The authors reported that the prevention of presynaptic norepinephrine release with a-2-adrenergic agonists, or the blockade of postsynaptic norepinephrine receptors by b-adrenergic antagonists such as propranolol, reduce hormonally enhanced memories and fear conditioning, and have potentially therapeutic effects on the clinical course of subsequent PTSD symptoms. Similar studies of other therapeutic agents are needed.
An animal model of PTSD which intentionally classifies the exposed population into groups according to individual response patterns is particularly advantageous in complementing clinical studies of early postexposure drug interventions. In this animal model populations of exposed rodents are classified according to the degree of their individual behavioral response using standardized 'cutoff behavioral criteria' (CBC), creating three distinct groups entitled 'extreme behavioral responses' (EBR) and 'minimal behavioral response' (MBR) at the extremes, and a middle group of partial behavioral response (PBR) (Cohen et al, 2003 (Cohen et al, , 2005 (Cohen et al, , 2006a (Cohen et al, , 2006b . Primarily, the advantage lies in the controlled prospective design that animal models enable and since response patterns are the focus of the model employed, the prevalence rates of individuals displaying extremely disrupted postexposure behavior can serve to provide an initial indication of the effect of the drug under study. Once this basic effect has been confirmed or refuted, the next step would be to examine the effect on long-term 'morbidity', that is, prevalence of PTSD-like behaviors.
This study thus aimed to provide preliminary data regarding the effect on prevalence rates of individuals displaying extreme, partial, and MBR to predator scent stress (PSS) in a group of animals treated briefly with an FDA-approved SSRI treatment for PTSDFsertralineFfor 1 week immediately after exposure, in comparison with a group given the same regimen at a later time, each compared to placebo-treated controls and to unexposed controls.
The working hypothesis was that early intervention with sertraline would reduce the prevalence rates of extreme responders and increase the prevalence of partial and/or minimal responders at least as effectively as the delayed treatment regimen.
MATERIALS AND METHODS
All procedures were carried out under strict compliance with ethical principles and guidelines of the NIH Guide for the Care and Use of Laboratory Animals. All treatment and testing procedures were approved by the Animal Care Committee of Ben-Gurion University of the Negev, Israel.
Animals
In total, 305 adult male Sprague-Dawley rats weighing 150-200 g were employed. Animals were habituated to the housing conditions for at least 10 days. During that time the rats were handled once daily, that is, picked up with a gloved hand. The animals were housed four per cage in a vivarium with stable temperature and a reversed 12-h light/ dark cycle, with unlimited access to food and water. All testing was performed during the dark phase under dim light conditions.
The experiment was carried out in two parts: immediate treatment and delayed treatment. In all, 237 rats participated in study 1, and 68 in study 2. In each part of the experiment, behaviors were assessed in the elevated plus maze (EPM) and the acoustic startle response (ASR) tests.
Predator Scent Stress
The stress paradigm consisted of placing the test animals on well-soiled cat litter for 10 min (in use by the cat for 2 days, sifted for stools). The control animals were exposed to fresh, unused litter for the same amount of time.
Drug
Rats in the treatment groups were given sertraline hydrochloride (Pfizer, Israel) 10 mg/kg/day, injected once daily intraperitoneally (i.p.) for 7 days. The dose is based on that used previously by Marona-Lewicka and Nichols (1997); Thomas et al (1998) ; Maj and Rogoz (1999) and Kim et al (2002) . Control groups were given 0.9% saline solution in the same manner in order to control for the stressful effect of the i.p. administration route.
Experimental Procedures
Study 1: global effects of sertraline immediately after PSS exposure. Rats were randomly assigned into three groups: (1) Unexposed control animals: rats exposed to fresh, unused litter for 10 min; (2) exposed + immediate sertraline (IS) animals: rats exposed to PSS for 10 min, and 1 h after that given sertraline for 7 days; (3) exposed + immediate saline controls (IC) animals: rats exposed to PSS for 10 min, and 1 h after that given saline for 7 days.
Behavioral reactions were tested 6 h after the last dose of sertraline. The assessment of rats seven days postexposure has previously been established by Adamec (1997) , and has been shown to refer to long-term PTSD-like behaviors. Our previous results have repeatedly shown that as of day 7, the prevalence rate of EBR remains constant at about 25% until day 30. The DSM-IV defines PTSD as lasting more than a month after the exposure and thus the persistence of anxiety symptoms on day 7 after exposure may be taken to fulfill the time criterion of PTSD in rodents (Adamec, 1997) .
Study 2: global effect of delayed treatment regimen on the entire population. Rats were randomly assigned into three groups: (1) Unexposed control animals: rats exposed to fresh, unused litter for 10 min; (2) exposed + delayed sertraline (DS) animals: rats exposed to PSS and 7 days after that given sertraline for 7 days; (3) exposed + delayed saline control (DC) animals: rats exposed to PSS and 7 days after that given saline for 7 days.
Behavioral reactions were tested at completion of the treatment regimen, 6 h after the last dose of sertraline, that is, 14 days postexposure.
Behavioral Paradigms
The EPM. The maze consists of a plus-shaped platform with two open arms and two closed armsFsurrounded by 14-cm high opaque walls on three sides, with arms of the same type located opposite each other, leaving a 10 cm 2 central area (File, 1993) . Each rat was placed on the central platform facing an open arm and was allowed to explore the maze for 5 min. Each test was videotaped and scored by an independent observer. Arm entry was defined as entering the arm with all four paws.
The behaviors assessed were: duration in open and closed arms, and on the central platform; open and closed arm entries; and total entries into all arms.
Acoustic startle response. Startle response was measured using two ventilated startle chambers (SR-LAB system, San Diego Instruments, San Diego, CA). Each chamber consisted of a Plexiglas cylinder resting on a platform inside a sound attenuated, ventilated chamber. Movement inside the tube was detected by a piezoelectric accelerometer below the frame. Sound levels within each test chamber were measured routinely using a sound level meter (Radio Shack) to ensure consistent presentation (SR-LAB system, San Diego Instruments, San Diego, CA). Chambers were calibrated daily. The animals were placed inside the tube and allowed a 5-min acclimatization period with background noise only. Following a 5 min acclimatization period, 30 acoustic startle trials (110 dB white noise; 40 ms duration; 30 or 45 s intertrial interval) were presented over the 68 dB white noise background.
Two measures of behavior were assessed: (1) mean startle amplitude; (2) 
Classification According to CBCs
The classification of individuals according to the degree to which behavior is affected by a stressor is based on the premise the extremely compromised behavior in response to the priming trigger is not conducive to survival and is thus maladaptive, representing a pathological degree of response. The procedure requires the following steps:
(a) Verification of global effect. The data must demonstrate that the stressor had a significant effect on the overall behavior of exposed vs unexposed populations at the time of assessment.
(b) Application of the CBCs to the data. The CBCs used herein have been repeatedly validated in a large series of studies in rodents (Cohen et al, 2003 (Cohen et al, , 2006a (Cohen et al, , 2006b and in a mathematical model (Cohen et al, 2005) .
Extremely compromised exploratory behavior on the plus-maze and markedly increased startle reaction that does not undergo habituation (defined below) were taken to reflect anxiety-like behaviors, that is, fearfulness and hypervigilance.
In order to maximize the resolution and minimize false positives, extreme responses to both of these paradigms performed in sequence were required for 'inclusion' into the EBR group (anxious, fearful, and hypervigilant that is PTSDlike symptoms), whereas a negligible degree of response to both was required for inclusion in the MBR group.
Definition of CBCs on each paradigm: (a) EBR
(1) Five minutes (entire session) spent in closed arms and no entries into the open arms of the EPM.
(2) Mean amplitude of the startle response (at 110 dB) 41200 units and startle response shows no habituation over time.
(b) MBR
(1) 0-1 min spent in closed arms and X8 open-arm entries on the EPM. (2) Mean amplitude of the startle response (at 110 dB) o700 units and habituation is demonstrated.
Prevalence rates for EBR and MBR are calculated from the overall data. PBR (individuals who quality for neither EBR nor MBR) are at present not further subdivided.
Statistical Analyses
For the ASR results and the EPM behaviors, the statistical analyses were performed using one-way analysis of variance (ANOVA). Where significant group effects were detected, Bonferroni test indicated significant post hoc differences between individual groups.
The prevalence of EBR, PBR, and MBR rats as a function of study group was tested using cross-tabulation and w 2 -tests. (Figure 1b ). In effect, there were no significant differences between the sertraline-injected group and unexposed controls on these measures.
RESULTS

Study 1: Global Effects of Sertraline Immediately after PSS Exposure
No differences were observed in total exploration on the maze between groups (Figure 1c) , suggesting overall anxiety-like behavior and avoidance of exploration in the open arms, as opposed to a nonspecific impairment of locomotion, supporting the validity of the model (Adamec et al, 2003; Adamec and Shallow, 1993) . Figure 2a shows the mean startle amplitude of rats in response to the 30 startle pulses. There were significant differences between the groups (F(2,234) ¼ 12.35, po0.0001). Post hoc Bonferroni test revealed that PSS exposure significantly increased the mean startle amplitude in exposed rats injected with saline, as compared to controls (t ¼ 4.2, po0.0002). Sertraline immediately after exposure again significantly attenuated the response to the stressor, eliciting a relative decrease in postexposure mean startle amplitude compared to the saline-control group (post hoc Bonferroni test: t ¼ 3.96, po0.0003). There were no significant differences between the immediate postexposure sertraline group and the unexposed controls in terms of mean startle amplitude. Figure 2b shows the 'percent habituation'-parameter of the startle response in all groups. Percent habituation differed significantly among the groups (F(2, 234) ¼ 153.4, po0.0001). Post hoc Bonferroni test revealed that PSS exposure followed by saline caused a significant deficit in the habituation of the ASR in exposed animals compared with naïve rats (t ¼ 14.3, po0.0001) and compared to sertraline-treated animals (t ¼ 14.4, po0.0001). IS administration reversed the trend of the stress-induced habituation deficit to a significant degree, although unexposed rats A single 10-min exposure to PSS significantly increased mean startle amplitude and caused a significant deficit in the habituation of ASR in salineinjected rats, as compared to unexposed controls. IS administration reduced the response to the stimulus and significantly reversed the stressinduced habituation deficit found in saline-treated rats. IC ¼ immediate (saline) control, IS ¼ immediate sertraline. All data represent group mean7SEM.
ASR and Habituation
exhibited significantly better habituation than sertralinetreated rats (t ¼ 4.3, po0.0001).
To summarize, immediate postexposure administration of sertraline corrected anxiety-like behaviors on the EPM and amplitude of ASR, and had a partial effect on habituation, relative to saline.
Reanalysis Applying CBC
There were significant differences in the prevalence rates of individuals displaying an extreme degree of behavioral responses (EBR) among groups (Pearson w 2 ¼ 15.7, df ¼ 2, po0.0004). As shown in Figure 3a , there were no EBR individuals amongst the controls. The prevalence of EBR among PSS-exposed rats injected with saline was 30% of the total population (w 2 ¼ 12.88, po0.0003). Injection of sertraline immediately after PSS exposure diminished the prevalence of EBR rats to 17% of the total population, a significant effect as compared to the saline treatment group (w 2 ¼ 5.47, po0.02) and as compared to controls ((w 2 ¼ 16.18, po0.015).
There were no significant differences in the prevalence of minimally affected individuals (MBR) among groups ( Figure 3b ).
There were significant differences in the prevalence of individuals displaying PBR among groups (Pearson w 2 ¼ 9.35, df ¼ 2, po0.01) (Figure 3c ). The stringency of the criteria for MBR was validated by a prevalence rate of 90% PBR in unexposed controls. PSS exposure elicited a drop in PBR prevalence rates to 62.5% in saline-treated controls (w 2 ¼ 9.1, po0.003) and to lesser degree (71.5%) in the IS group (w 2 ¼ 5.0, po0.03).
Study 2: Global Effect of the DS Regimen
Anxiety-like behaviors (EPM). As shown in Figure 4 , there were significant differences between the groups in terms of the time spent in the open arms (F(2,65) ¼ 9.7, po0.0003) (Figure 4a ) and number of entries to the open arms (F(2,65) ¼ 3.5, po0.035) (Figure 4b ). PSS exposure followed by the delayed 7-day treatment regimen with saline resulted in significantly decreased time spent in the open arms ( Figure 4a ) and open arm entries (Figure 4b) , as compared to unexposed controls (post hoc Bonferroni test: t ¼ 2.95, po0.015; and t ¼ 4.3, po0.0002, respectively). The DS regimen again significantly attenuated global postexposure anxiety-like behavior, resulting in a significant relative increase in total time spent in the open arms ( Figure 4a ) and in number of entries into the open arms (Figure 4b ), relative to the response patterns of the saline treatment group (post hoc Bonferroni test: t ¼ 2.5, po0.05; and t ¼ 2.5, po0.05, respectively), so that there were no significant differences between the sertraline-injected group and the unexposed controls.
No differences in total exploration were observed between groups (Figure 4c ).
ASR and Habituation
There were significant differences between the groups in startle amplitude (F(2,65) ¼ 13.8, po0.0001). The exposedsaline treatment group displayed significantly increased mean startle amplitude (Figure 5a) , as compared to unexposed controls (post hoc Bonferroni test: t ¼ 5.3, po0.0001). Rats given the DS treatment regimen showed a relative decrease in mean startle amplitude, as compared The prevalence of extreme behavioral response among predator-exposed rats injected with saline was 30% of the total population, while the prevalence of MBR was 7% of the total population. Injection of sertraline immediately after the stressogenic event significantly diminished the prevalence of EBR rats to 17%. IC ¼ immediate (saline) control, IS ¼ immediate sertraline.
to saline-treated rats (Bonferroni test: t ¼ 2.95, po0.05) and as compared to controls (Bonferroni test: t ¼ 3.1, po0.008).
Percent habituation of the startle response differed significantly among the groups (F(2, 65) ¼ 60.8, po0.0001) (Figure 5b) . In both the saline and the sertraline treatment groups, stress exposure caused a significant deficit in the habituation of ASR in the exposed animals compared with naïve unexposed rats (Bonferroni test: t ¼ 10.6, po0.0001 for saline-treated rats; and t ¼ 8.6, po0.0001 for sertralinetreated animals). The sertraline treatment did not significantly affect habituation.
Reanalysis Applying CBC
There were significant differences in the prevalence of EBR individuals among groups (Pearson w 2 ¼ 15.7, df ¼ 2, po0.0004). As shown in Figure 6a , in the unexposed controls there were no EBR individuals. The prevalence of Bonferroni post hoc test: IaII, III, IIaIII. PSS exposure followed by delayed saline administration significantly increased mean startle amplitude and caused a significant deficit in the habituation of ASR as compared to unexposed controls. Rats given the DS regimen showed decreased mean startle amplitude, as compared to saline controls and unexposed controls, but did not affect the significant deficit in the habituation of ASR. IC ¼ immediate (saline) control. IS ¼ immediate sertraline, All data represent group mean7SEM.
EBR rats in the exposed group given the delayed saline regimen was 25%, significantly different from unexposed controls (w 2 ¼ 5.25, po0.025). The DS regimen reduced this number to 19.2% of the total population. This difference was significant compared to unexposed controls (w 2 ¼ 3.9, po0.05), but not significant compared to saline-treated controls.
As shown in Figure 6b , there were no significant differences in the prevalence of minimally affected individuals (MBR) among groups, although the DS group demonstrated a marked, but not significant increase (27%).
As shown in Figure 6c , there were significant differences in the prevalence of individuals displaying PBR among groups (Pearson w 2 ¼ 5.99, df ¼ 2, po0.05). The unexposed group displayed 90% PBR. The prevalence of PBR rats in the exposed group given the delayed saline regimen was 66%, not significantly different from rates for unexposed controls or the DS regimen group. The DS regimen diminished the prevalence of PBR rats to 50% of the total population, a significant effect as compared to controls ((w 2 ¼ 6.0, po0.015).
DISCUSSION
This study shows that a brief immediate postexposure intervention with sertraline has an observable short-term effect on stress-induced behavioral changes in an animal model, compared to a saline-treated control group comparable the same treatment regimen at a later stage in the course of symptom development.
Seven days of treatment with sertraline immediately after PSS exposure elicited a statistically significant reduction of 14% in prevalence rates of individuals fulfilling criteria for extreme response (EBR) (and an increase of 5% in prevalence rates of minimal response (MBR)) compared to the placebo-control group. The animals displayed a reduced prevalence of extreme anxiety-like and avoidant behaviors on the EPM and an attenuation of the exaggerated hyperarousal responses, equivalent to the patterns of behavior of unexposed animals, and a significant degree of reversal of the deficit in habituation of the ASR.
The comparison group, which was intended to model treatment of the established syndrome and was given the same treatment regimen initiated at a time which has been demonstrated to represent the cutoff point between temporary responses and the establishment of long-term, stable chronic PTSD-like behavioral changes in rats in a series of studies , that is, 7 days after exposure, displayed a different pattern of response. The observed short-term effects on anxiety-like and avoidance behaviors on the EPM and in amplitude of ASR indicate that the delayed regimen had an alleviating effect. There was, however, no effect on startle habituation, in contrast with the marked effect of the IS regimen. The clinical implications of this difference are uncertain, but this parameter is integral to the behavioral cutoff criteria, which have been repeatedly validated.
In consequence, the prevalence rates of EBR individuals demonstrated a minor reduction (19.5%) compared to saline controls, whereas the trend towards an increased in MBR rats was stronger (27%), although not statistically significant. Thus, although the brief delayed treatment regimen had an effect on stress-related behavioral changes, the same brief regimen administrated immediately after exposure significantly reduced prevalence rates of extreme behavioral responses.
The brevity of the treatment regimens and the follow-up period preclude a quantitative comparison between the two regimens, but do confirm that immediate intervention has at least a qualitatively similar effect to the delayed regimen. The literature contains only sparse information regarding drug interventions in the acute phase of the response to traumatic stress. Whereas treatment guidelines for acute and chronic PTSD are founded on extensive empirical evidence, in the first month following exposure to stress psychosocial treatments have predominated research (Ehlers and Clark, 2003) . As for drug interventions, clinical studies have shown that early treatment with benzodiazepines in fact were ineffective in preventing PTSD in the long-term in double-blind, placebo-controlled studies (Asnis et al, 2004; Davidson, 2004b; Gelpin et al, 1996; Sansone et al, 2003) , whereas intervention with b-blockers appears to have effects on the memory-consolidation process, above and beyond any symptomatic relief they may offer in terms of the physical manifestations of anxiety (Pitman et al, 2002) .
The marked reduction in prevalence of extremely disrupted PTSD-like behavioral responses to PSS exposure raises the possibility that, like the b-blockers mentioned above, SSRI's may attenuate the more severe clinical sequelae of stress exposure when administered soon after exposure. Such effects might be mediated by qualities such as the following:
(1) Nonspecific effects on other neuroactive monoamines:
although the SSRI antidepressants are believed to act mainly by selectively binding to the 5-HT transporter to block reuptake of 5-HT from the synapse into the presynaptic nerve terminal, thereby increasing synaptic serotonin concentrations, some of the SSRIs also exhibit other neuropharmacologic effects, such as partial norepinephrine reuptake inhibition (paroxetine) (Cryan et al, 2004; Owens et al, 2000) , partial dopamine reuptake inhibition (sertraline) (Cryan et al, 2004) and reduced activity of CRF neurons (Nemeroff et al, 2006; Nemeroff and Owens, 2004) . The SSRI paroxetine was found to reverse CRF alterations induced by stress associated with early maternal separation in primates (Nemeroff and Owens, 2004) . (2) Neuroprotective effects: In addition to modulating synaptic function in the adult brain, and regulating neurite outgrowth, synaptogenesis and cell survival (Mattson et al, 2004) , 5-HT controls important functions in hippocampal neurogenesis (Santarelli et al, 2003) . Serotonin can also promote the survival of neurons in the adult brain, as demonstrated by the abilities of a 5-HT receptor agonist and an SSRI to protect neurons against excitotoxicity and ischemic injury in animal models (Semkova et al, 1998) . (3) Neurotrophic factors: increases in neurotrophic factors, particularly brain-derived neurotrophic factor (BDNF), have been proposed to be critical for the action of antidepressants in the hippocampus (Duman, 1998; Duman et al, 1997; Duman et al, 2000; Manji and Duman, 2001 ). BDNF, is a survival-promoting molecule, known to modulate synaptic plasticity and neurotransmitter release across multiple neurotransmitter systems, and is involved in intracellular signal-transduction pathways (Hyman et al, 1991; Maisonpierre et al, 1991) . It influences the growth and plasticity of serotonergic neurons via the activation of trkB receptor. Stress results in a downregulation of BDNF mRNA in the hippocampus, an effect which may be partially related to glucocorticoid release (Smith et al, 1995) , an effect blocked by SSRI treatment (Duman et al, 1997; Nibuya et al, 1995) . Interestingly, endogenous BDNF is integral to the memory consolidation process (Lee et al, 2004) through dual effects on postsynaptic gene expression and local protein synthesis (Bramham and Messaoudi, 2005) . Lower levels of BDNF after stress exposure may impair the consolidation process, attenuating the anomalous traumatic memory consolidation process thought to occur in PTSD patients.
Extensive long-term studies are needed to directly assess the relevance of any of these hypothetical mechanisms to the behavioral changes seen in this preliminary study. The present study paves the way for more extensive studies of these drugs as agents of secondary prevention in the acute postexposure phase. Longer-term follow-up studies are needed to assess the effect of brief treatment regimens vs long-term administration on chronic symptom/behavior patterns.
Conclusions
Brief immediate postexposure administration of an FDAapproved drug treatment for PTSDFsertralineFreduced the prevalence rates of individuals displaying extremely disrupted behaviors. These finding suggest that SSRIs drugs represent potential agents for secondary intervention in the acute aftermath of traumatic stress exposure and are thus worthy of further investigation.
